Cognitive measures are used frequently in the assessment and diagnosis of attention-deficit/hyperactivity disorder (ADHD). In this meta-analytic review, the authors sought to examine the magnitude of differences between ADHD and healthy participants on several commonly used intellectual and neuropsychological measures. Effect sizes for overall intellectual ability (Full Scale IQ; FSIQ) were significantly different between ADHD and healthy participants (weighted d ϭ .61). Effect sizes for FSIQ were significantly smaller than those for spelling and arithmetic achievement tests and marginally significantly smaller than those for continuous performance tests but were comparable to effect sizes for all other measures. These findings indicate that overall cognitive ability is significantly lower among persons with ADHD and that FSIQ may show as large a difference between ADHD and control participants as most other measures.
Attention-deficit/hyperactivity disorder (ADHD) is one of the most common psychiatric disorders in childhood, with an estimated incidence of 3%-5% (American Psychiatric Association, 1994) . The problem is also of consequence for many adults who were either first diagnosed in adulthood or for whom childhood symptoms persist (Faraone et al., 2000; Woods, Lovejoy, & Ball, 2002) . Improved understanding of the core cognitive, behavioral, and emotional consequences of the disorder has occurred over the last few decades. However, no diagnostic test exists to parse attention and concentration and self-regulation problems in ADHD from normal fluctuations in attention and self-regulation.
At present, clinical assessments of ADHD vary greatly from one clinician to another. Some individuals may be evaluated by clinicians using only a single information source, such as an unstructured interview with the patient or parent, whereas others may receive comprehensive assessments including cognitive and neuropsychological testing, standardized rating scales from multiple informants, behavioral observations, and structured diagnostic interviews. Comprehensive assessments are generally preferred over single-informant reports because they permit a thorough understanding of the patient's difficulties and offer the opportunity to rule out alternative explanations for the pattern of symptoms. Within the context of these assessments, cognitive and neuropsychological measures facilitate an unbiased evaluation of the core cognitive deficits that are observed in ADHD. However, there is little agreement in the literature regarding the differential utility of neurocognitive instruments (Rapport, Chung, Shore, Denney, & Isaacs, 2000) . This is especially disturbing given the number of instruments available for assessing cognitive abilities. In the present meta-analytic review, we sought to address this gap in knowledge by determining and comparing the mean effect sizes for a wide range of intellectual and neuropsychological measures of ADHD.
Cognitive Assessment of ADHD
A typical starting point for neuropsychological assessments is the evaluation of an individual's overall level of cognitive ability. Researchers derive these estimates using tests of intellectual ability with an aggregate or Full Scale IQ (FSIQ) score serving as the omnibus estimate. In the context of an extensive evaluation of specific functions, overall estimates of ability provide a meaningful baseline for determining cognitive strengths and weaknesses. Many researchers have found significant decrements in overall cognitive ability in ADHD, with some studies finding as much as 20-point discrepancies between ADHD and healthy control groups (Abikoff, Courtney, Szeibel, & Koplewicz, 1996; Garcia-Sanchez, Estevez Gonzalez, Suarez Romero, & Junque, 1997) . Other studies have found minimal, if any, differences between groups (Carlson, Mann, & Alexander, 2000; Carlson & Tamm, 2000; Kemner, Verbaten, Cuperus, Camfferman, & van Engeland, 1995; Ozonoff & Jensen, 1999) . However, these nonsignificant intergroup differences may be due to a lack of statistical power and not to true equivalence. The first purpose of the present review was to use meta-analytic techniques to determine whether deficits in overall cognitive ability exist in ADHD and, if so, to characterize the magnitude of the deficit.
After determining the level of overall cognitive functioning, neuropsychological assessment serves the purpose of identifying the specific cognitive processes that are deficient in the individual or condition of interest. Although there is some disagreement about the exact nature of deficits, Barkley (1997a) proposed that ADHD results in impairment involving behavioral inhibition processes (see also Quay, 1997) . According to this theory, the core deficit of behavioral disinhibition contributes to disruptions of specific neuropsychological functions, including working memory, sustained attention, motor control, and affect regulation. Barkley's theory is supported by a growing number of studies that have found executive functioning deficits in hyperactive-impulsive or combined-subtype ADHD individuals. However, several studies have also reported deficits on non-executive functioning measures (Garcia-Sanchez et al., 1997; Rucklidge & Tannock, 2001) , calling into question the specificity of neuropsychological deficits.
As a secondary objective, the present review attempted to metaanalytically specify the exact nature and magnitude of neuropsychological deficits in ADHD. Specifically, this review sought to determine the mean effect sizes for commonly used neuropsychological tests and compare these with the mean effect sizes for measures of estimated overall cognitive ability. Comparisons between IQ and neuropsychological tests, as well as among neuropsychological tests, will permit an evaluation of which measures show the largest group differences and thus, of which measures are most likely to provide incremental validity in the assessment of ADHD. Along with traditional neuropsychological measures, tests of academic achievement in spelling, reading, and arithmetic were included in the present review because these measures are frequently used to assess the presence of a learning disability, a common comorbid condition with ADHD (Dykman & Ackerman, 1991; Semrud-Clikeman et al., 1992) . Inclusion of these achievement measures may also provide information regarding specific cognitive deficits.
It should be noted that Barkley's model is based on findings for hyperactive-impulsive or combined-type ADHD groups. Some research has suggested that a different pattern of neuropsychological deficits exists in inattentive-type ADHD groups. Specifically, Goodyear and Hynd (1992) and Barkley (1997b) posited that individuals with the inattentive subtype experience deficits in focused and selective attention and speed of information processing, whereas the other subtypes have deficits primarily in sustained attention, behavioral inhibition, and affect regulation. However, recent studies have found few, if any, differences between inattentive and combined-type groups (Chhabildas, Pennington, & Willcutt, 2001; Fischer, Barkley, Edelbrock, & Smallish, 1990; Klorman et al., 1999) . For this reason, and because few studies in the present review included groups of inattentive participants (n ϭ 8), analyses were expected mainly to reflect the intellectual and neuropsychological differentiation of the hyperactive-impulsive and combined subtypes from normals. Despite the small number of studies including groups of exclusively inattentive participants, preliminary analyses were performed examining subtype differences for FSIQ.
The Present Review
To address the objectives outlined above, we proposed the following hypotheses:
1. ADHD was expected to result in significant decrements in overall cognitive ability, as estimated by measures of FSIQ. Effect sizes for Verbal and Performance IQ subscales were expected to be roughly equivalent because both measures include tests that are sensitive to attention and working memory (Kaufman, 1994; Sattler, 2001) . No specific predictions were made regarding differential magnitudes of FSIQ differences between ADHD subtypes. 2. All of the cognitive and neuropsychological measures examined in this review were expected to result in significant differences between ADHD and control participants, reflecting deficits in a wide range of cognitive functions. 3. Effect sizes for FSIQ were expected to be larger than those from neuropsychological measures of nonexecutive functions, but smaller than effect sizes from measures of executive functions. This was predicted because FSIQ is influenced by both executive and nonexecutive functions (for a review of executive and nonexecutive functions assessed by intellectual ability subtests, see Kaufman, 1990; Lezak, 1995) . 4. Effect sizes from measures of executive functions were expected to be larger than effect sizes from measures of visual constructional ability, visual memory, verbal fluency, and receptive and expressive language functions. Specific predictions were not made regarding measures of academic functioning.
The latter two hypotheses are based on previous findings suggesting primarily executive-functioning deficits in individuals with ADHD.
Method

Literature Search
Inclusion and exclusion criteria. The literature concerning ADHD was searched with the PsycINFO and MEDLINE bibliographic databases. Only articles published during or after 1980 were reviewed, because these data coincide with the publication of the Diagnostic and Statistical Manual of Mental Disorders (DSM-III; 3rd ed.; American Psychiatric Association, 1980) criteria for attention deficit disorder. PsycINFO and MEDLINE search terms included the following: attention, attention deficit disorder, ADHD, sustained attention, vigilance, cognitive assessment, and neuropsychological; and was included as an operator between search terms where relevant. An additional limitation that the articles had to be written in English was imposed. Dissertation abstracts were searched; however, none included sufficient information in the abstract to compute the relevant effect sizes. Additional articles were obtained through inspection of the reference lists of articles obtained in the above search. The search cutoff date was October 2002.
Only studies reporting data for overall cognitive ability, FSIQ, in sufficient detail for the calculation of effect sizes were included in the present review. This restriction was imposed because the primary hypotheses of the study involved examining the magnitude of FSIQ differences between ADHD participants and controls and comparing the effect sizes for FSIQ with the effect sizes for various neuropsychological measures. Studies without data for estimating FSIQ were not included because these could not be included in statistical tests of these hypotheses. Table 1 presents the authors and years of publication along with methodological characteristics and effect sizes for FSIQ for these studies. A total of 123 studies were identified. Several studies were excluded because of reported sample overlap with other included studies. In cases of sample overlap, studies were selected that provided the greatest amount of data (i.e., largest sample sizes or roughly equivalent sample sizes with more cognitive measures). Of the identified studies, 13 included multiple comparisons between control groups and ADHD subtypes. Although data sets with nested effect sizes are typically best analyzed by hierarchical linear modeling, the small number of effect sizes contributed by these studies (n ϭ 27) relative to the total number of effect sizes (n ϭ 137) suggested that little additional information would be gained from these analyses (Bryk & Raudenbush, 1992) . Therefore, effect sizes were considered independent in the following analyses, and subsequent ns indicate the number of comparisons, not the number of studies. Comparisons in which FSIQ was estimated by the authors or could be estimated from the data presented (n ϭ 86) were included, along with comparisons in which FSIQ was estimated from the complete test (n ϭ 47) and comparisons in which the estimation procedure could not be determined (n ϭ 4). For comparisons in which FSIQ was estimated from incomplete tests, 54 used a standard short form such as 2 or more subtest short forms of the Wechsler scales; 21 used data from a single Wechsler scale subtest, usually Vocabulary, Block Design, or Similarities; and 11 were estimated by combining the effect sizes derived from two or more subtests. Of the 137 comparisons for FSIQ, 86 also had data from at least one other neuropsychological test. Data from neuropsychological tests with fewer than six comparisons were excluded from the present review. Only studies including data from a healthy comparison group without significant pathology were included in the present meta-analysis. Studies in which the comparison group contained some participants without ADHD but with other conditions (e.g., oppositional defiant disorder, conduct disorder, learning disability) were excluded, as were studies in which conditions other than ADHD were deemed the primary problem of the clinical group.
Dependent Variables
The following is a list of measures examined in the present review, with measures separated into intellectual composites, achievement measures, nonexecutive functioning measures, and executive functioning measures. The latter distinctions were made to clarify which measures were expected to be more and less sensitive to ADHD. Although all cognitive measures are likely affected by executive dysfunction to some extent, measures classified as executive functioning indicators were expected to be significantly more sensitive than were nonexecutive measures.
Intellectual composites. In the articles we reviewed, FSIQ was estimated primarily from the Wechsler scales (Wechsler, 1974 (Wechsler, , 1981 (Wechsler, , 1989 (Wechsler, , 1991 (Wechsler, , 1999 . However, some studies estimated FSIQ using the Kaufman Brief Intelligence Test (Kaufman & Kaufman, 1990) , the Peabody Picture Vocabulary Test (PPVT; Dunn & Dunn, 1981) ; the Stanford-Binet Intelligence Scale (Thorndike, Hagen, & Sattler, 1986) , or the Shipley Institute of Living Scale (Shipley, 1940) . Verbal IQ and Performance IQ are both derived from the Wechsler scales. Verbal IQ estimates verbal reasoning and language abilities, and Performance IQ estimates visual perceptual and Jastak & Wilkinson, 1984; Wilkinson, 1993) consist of three subtests measuring reading, spelling, and math skills. These subtests are used to identify individuals with learning disabilities or to identify problems underlying some academic deficits, such as phoneme to grapheme and grapheme to phoneme conversion.
Nonexecutive measures. The Vocabulary subtest from the Wechsler scales measures the ability to give word definitions. Block Design measures visual constructional abilities, and the Similarities subtest assesses the ability to find the abstract quality shared by two words. The PPVT measures receptive language ability and has shown high correlations with measures of FSIQ (Dunn & Dunn, 1981) . The Rey Complex Figure (Rey & Osterrieth, 1993) is an abstract visual design that is difficult to encode verbally. The test consists of having to copy the design as accurately as possible and then without warning having to copy the design from memory after a 20-to 45-min delay. The measures of interest in the present review were accuracy scores for the copy trial (Rey Copy) and recall trial (Rey Recall) . Rey Copy largely reflects visual constructional abilities, and Rey Recall measures long-term visual memory.
Executive functioning measures. The Digit Span subtest from the Wechsler scales assesses the ability to hold a series of digits in working memory and loads heavily on focused attention and working memory. Digit Symbol-Coding measures the ability to copy symbols quickly and accurately from a key and loads heavily on focused attention and processing speed. Above-average performance on this subtest also requires working memory ability (Kaufman, 1990) . Arithmetic measures the ability to do relatively simple math problems in memory and loads heavily on working memory.
Continuous performance tests (CPTs) measure the ability to maintain focused attention over longer time periods (usually 5-20 min) while responding to target stimuli and inhibiting responses to nontarget stimuli. Several different versions of CPTs were used in the studies reviewed, including the CPT from the Gordon Diagnostic System (Gordon, 1983) , the Conners CPT (Conners, 1994) , and several unspecified research versions. The dependent measures of interest for the present review were the number of hits recorded (CPT-Hits), the mean reaction time (RT) to targets (CPT-MRT), the number of omission errors (CPT-Omission), and the number of incorrect responses to nontargets (CPT-Commission). CPTHits measures overall target and nontarget discrimination, CPT-MRT reflects visual processing speed, CPT-Omission reflects sustained attention or vigilance to the task, and CPT-Commission reflects behavioral inhibition.
The Stop Signal Task (SST) was developed to measure behavioral inhibition. Several paradigms have been reported in the literature, but each reflects similar task characteristics in which an individual is asked to respond quickly to a RT task but to inhibit that response occasionally and sporadically when a stop signal stimulus (visual or auditory) precedes the target. Three measures of interest were examined in the present review-RT to go-target stimuli (SST-Go), RT to stop signals (SS-Stop), and the probability of inhibition (SST-Probability of Inhibition; for a complete description, see Oosterlaan, Logan, & Sergeant, 1998) .
Trail Making Test-A and Trail Making Test-B (Lezak, 1995; Reitan, 1958) measure the ability to draw lines between numbers in numerical order (Trail-A) and alternate between numbers and letters in numerical and alphabetical order (Trail-B). Trail-A is a measure of focused attention, and Trail-B loads heavily on focused attention and working memory.
The Wisconsin Card Sorting Task (WCST; Heaton, Chelune, Talley, Kay, & Curtiss, 1993 ) is a commonly used measure of executive functioning and requires an individual to match a series of cards on one of three stimulus characteristics without being instructed regarding how the cards should be matched. The only feedback given is whether a match is correct or incorrect. The measures of interest were the number of perseverative responses or errors (WCST-Perseveration), categories completed (WCSTCategories), and the number of times that an individual lost set (WCST-Set Failures). WCST variables reflect a number of executive functions, including working memory, behavioral inhibition, and set shifting.
The Stroop Interference Task (Stroop, 1935) consists of naming the color of ink in which a word is printed instead of reading the color word and reflects behavioral inhibition. The dependent measure was calculated slightly differently across studies but was generally derived from the number of trials completed or the time required to complete the task.
The Matching Familiar Figures Test (MFFT ; Kagan, 1966 ) is a task in which children are shown a page with a picture at the top and six similar pictures below. Children are required to pick out the picture from the six choices that is identical to the sample picture. The measures of interest for the present review were the latency to first response (MFFT-Time) and the number of response errors (MFFT-Errors). Both measures are thought to reflect behavioral inhibition.
The Word Fluency Test (Lezak, 1995) consists of having subjects produce as many words as possible within 1 min that start with a letter of the alphabet (Letter Fluency) or that comprise a particular semantic category (Category Fluency). Both of these measures are thought to be sensitive to deficits in expressive-language abilities (Benton & Hamsher, 1976) and are often considered to be sensitive to frontal-lobe deficits (for a discussion, see Lezak, 1995) . However, because these measures are sometimes considered to be language and not executive function measures (Mitrushina et al., 1999; Spreen & Strauss, 1998) , analyses were performed with and without these measures.
Evaluation of methodological factors. To determine the influence of methodological factors on the magnitude of ADHD and control participant differences on intellectual and neuropsychological tests, we coded each comparison for several variables, including medication status (meds; yes ϭ not on meds, no ϭ on meds, or medication status not reported), IQ test reported (IQ; yes ϭ 1, no ϭ 0), age of groups reported (age), impairment in at least two settings reported as a criterion in making diagnosis (impairment), structured or semistructured diagnostic interview versus no interview used in making the diagnosis (interview), standardized rating scale used in making diagnosis (rating), empirically derived standardized rating scale cutoffs used in making diagnosis (cutoff), multiple sources of information required for diagnosis (information), oppositional defiant disorderconduct disorder comorbidity excluded, learning disability comorbidity excluded, neurological and physical or sensorimotor problems ruled out (physical), referral sources for control and ADHD the same or different (referral; 1 ϭ same, 0 ϭ different), control participants screened for psychiatric diagnoses by using a structured or semistructured interview or comprehensive rating scales (screen), and gender composition of sample reported (gender). Coding was performed by Thomas W. Frazier for all studies. This procedure was used for two reasons. First, although the coder was not blind to study hypotheses, each rating consisted of simple presence and absence judgments. Second, the author had no prior contact with any of the authors of studies included in the present meta-analysis, an important source of bias (Rosenthal, 1991) . To examine any problems with rater reliability, another rater randomly coded 40 comparisons on all methodological characteristics. For these studies, agreement was perfect for all variables, except for two ratings for the impairment criterion and one for the interview criterion, which were easily resolved.
Five additional variables were coded for each comparison, and these variables were used in separate analyses to determine their influence on ADHD and control participant differences in cognitive abilities. The diagnostic scheme used to classify ADHD participants was coded into four categories: DSM-IV (American Psychiatric Association, 1994; n ϭ 53), Association, 1987 ; n ϭ 67), DSM-III (American Psychiatric Association, 1980; n ϭ 13), and no diagnostic scheme (n ϭ 4). The type of test used to derive FSIQ was coded into three categories: Wechsler scales (n ϭ 108), PPVT IQ estimates (n ϭ 15), and other intellectual assessment batteries (n ϭ 14). The procedure used to estimate FSIQ was coded into four categories on the basis of the previously described methodology. Average age was determined by averaging the ages of control and ADHD participants, weighted by sample sizes. Differences in the gender composition of ADHD and control samples were computed by subtracting the percentage of male participants in the control group from the percentage in the ADHD group.
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Calculation of effect sizes. For each measure, we computed the standardized mean difference in effect size using pooled standard deviations, Cohen's d, with formulas provided in Lipsey and Wilson (2001) . For each measure, the unweighted mean, median, and weighted mean effect sizes were also calculated along with the 95% confidence interval for the weighted mean effect size. Homogeneity analyses were also computed for each measure. The latter test evaluates whether the observed effect sizes likely result from sampling one population of effect sizes. For measures with heterogeneous distributions of effect sizes, correlations between methodological factors and effect sizes were performed to determine whether methodological characteristics were related to the magnitude of differences between ADHD and control groups. Table 2 presents the unweighted and weighted mean effect sizes, median effect sizes, the confidence interval for the weighted mean effect size, and the Q statistic for the homogeneity of effect sizes for each measure. For FSIQ, less than half of the comparisons (63 of 137) represented statistically significant findings at the .05 level of significance, and one of the significant findings was opposite of the predicted direction, with ADHD participants showing higher FSIQ than control participants. To determine whether ADHD participants generally score lower on measures of overall cognitive ability than do healthy control participants (Hypothesis 1), we computed the weighted mean effects size d and the z test for the significance of this effect size (Lipsey & Wilson, 2001) . ADHD groups displayed significantly lower FSIQ scores relative to control groups (weighted mean d ϭ .61, z ϭ 27.72). The significance of the weighted mean effect size is unlikely to be a result of publication bias because 140 comparisons with null results would be needed to bring the mean effect size down to d ϭ .30, a small effect, and more than 1,500 studies with null results would be needed to reduce the mean effect size to d ϭ .05, a negligible effect (Orwin, 1983) . Studies including multiple effect sizes did not differ on FSIQ from studies including only one comparison, t(135) ϭ 0.57, p ϭ .57, further suggesting that treating multiple effect sizes from a single study as independent did not substantially influence findings for FSIQ. Verbal and Performance IQs were also significantly sensitive to ADHD (Verbal IQ, d ϭ .67, z ϭ 14.13; Performance IQ, d ϭ .58, z ϭ 11.71).
Results
ADHD Versus Control Participants: Overall Cognitive Ability
To determine whether ADHD subtypes differed on FSIQ, within-study effect sizes were computed for hyperactive-impulsive and combined types and inattentive-type groups. A paired-samples t test was used to examine subtype differences. ADHD subtypes did not significantly differ on FSIQ (inattentive subtype, d ϭ .78; hyperactive-impulsive and combined subtypes, d ϭ .58); t(7) ϭ 1.44, p ϭ .19.
1 However, because of the small number of comparisons, these results may not reflect true equivalence. Therefore, all analyses and effect sizes were recomputed without ADH-D-inattentive comparisons. As expected given recent findings regarding subgroup differences, analyses and effect sizes did not change substantially by excluding comparisons with inattentive subjects (largest change in effect size, ⌬d ϭ .08). All comparisons were included in subsequent analyses.
Neuropsychological Measures
To examine the hypothesis that all neuropsychological measures would be sensitive to ADHD (Hypothesis 2), we determined the weighted mean effect sizes and z tests for the significance of the weighted mean effect sizes in the same fashion as described above for FSIQ. All measures were significantly sensitive to ADHD (smallest z ϭ 2.5, p Ͻ .05). However, there was wide variability in the effect sizes observed, ranging from a very small effect size for WCST-Set Failure (.15) to a very large effect size for CPTHits (1.0). Only 28 comparisons finding zero difference between ADHD and control participants would be needed to reduce the mean effect size for WCST-Set Failure to d ϭ .05, a negligible effect, whereas 361 comparisons with zero difference would be needed to reduce the mean effect size for CPT-Hits to d ϭ .05.
FSIQ Versus Neuropsychological Measures
To examine differences between effect sizes for FSIQ and neuropsychological measures (Hypothesis 3), we computed paired-samples t tests between pairs of weighted effect sizes for FSIQ and the weighted effect sizes for other cognitive measures. 
Spared Versus Affected Neuropsychological Functions
To determine whether executive functioning measures would generally display larger effect sizes than measures of nonexecutive functions (Hypothesis 4), we averaged effect sizes for measures of visual constructional (Block Design and Rey Copy), visual memory (Rey Recall) , and receptive and expressive language (PPVT Vocabulary, Similarities) within each study. This was done to create one aggregate variable reflecting cognitive functions that were thought to be relatively spared in ADHD. A separate aggregate variable was also computed for each study by averaging the effects sizes for measures thought to be most affected in ADHD, including measures of behavioral inhibition (WCST-Perseveration, WCST-Set Failure, WCST-Categories, SST-Stop, SSTProbability of Inhibition, Stroop Interference, MFFT-Time, MFF-T-Errors, and CPT-Commission), focused and sustained attention (Digit Symbol-Coding, Symbol Search, CPT-MRT, CPT-Hits, CPT-Omission, SST-Go, Trail-A), working memory (Digit Span, Arithmetic, Trail-B), and verbal fluency (Letter Fluency and Category Fluency). If only a single measure was present in a given study for estimating spared or affected cognitive functions, the effect size for that measure was used as the estimate (Rosenthal & Rubin, 1986 
Methodological Factors
Two approaches were used to determine the influence of methodological factors on the magnitude of effect sizes of cognitive measures (methodological characteristics of each study can be found in the table on the Web at http://dx.doi.org/10.1037/0894-4105.18.3.543.supp). The first approach involved examining the relationship between empirically derived methodological factors and effect sizes comparing ADHD and control groups. In this approach, the 14 methodological factors were subjected to principal-components analysis. Although dichotomous variables are not optimal input for principal-components analysis, the present application was used for the heuristic purpose of understanding the methodological factors responsible for within-measure variability in effect sizes (Kim & Meuller, 1978) . The present analytic strategy is likely superior to computing correlations between individual variables because the latter approach would significantly inflate Type 1 error rates. Component-based scores will also be more reliable than their constituent item scores, improving statistical power. Horn's parallel analysis and minimum average partial analysis were used as the criterion for determining the number of components to retain because these criteria have been shown to yield the most accurate number of components in Monte Carlo studies (Zwick & Velicer, 1986) . Both criteria indicated a fivecomponent solution, with the five factors accounting for 57% of variance in the original scores. An oblique rotation, oblimin, was used to determine which variables loaded above .50 on the components.
The first factor, labeled Multiple Sources, consisted of the highest positive loadings from information (.82) and impairment (.80). This factor represents whether additional sources of information, usually obtained from multiple informants, were used in making the ADHD diagnosis. The second factor, labeled Clinician Diagnosis, consisted of a high positive loading from interview (.61) and high negative loadings from rating scale (Ϫ.64) and cutoff (Ϫ.62). Studies scoring high on this factor relied primarily on information generated through clinical interview, whereas those scoring low used information from rating scales for making clinical diagnoses. The third factor, labeled Reporting, had high loadings from IQ (.83) and controls screened (.77). This factor likely represented thoroughness in reporting procedures because only 7% of studies did not report screening control participants for potential psychiatric illnesses, and 4% did not report the IQ test given. The fourth factor, labeled Screening Comorbidity, consisted of high loadings from LD (.62) and ODD/CD (.77). Studies high in this factor attempted to screen for comorbid psychiatric conditions. The fifth factor, labeled Clinical/Community Sample, consisted of a high positive loading from referral (.70) and high negative loadings from physical problems (Ϫ.58) and age (Ϫ.49). High scores on this factor indicated use of community versus clinical samples, because studies using clinical samples frequently used different referral sources to obtain control participants and patients. Studies using community samples typically did not report the ages of participants and did not screen for physical or neurologic problems because participants were frequently from the same grades and were assumed to be in good health.
FSIQ effect sizes showed significant correlations with multiple sources (r ϭ .18, p ϭ .04) and clinician diagnosis (r ϭ .17, p ϭ .05) and were significantly inversely related to clinical/community sample (r ϭ Ϫ.20, p ϭ .02). No significant relationships were found for Reporting and Screening Comorbidity. Only 6 of 165 correlations were significant between methodological factors and effect sizes for other cognitive and neuropsychological measures. These findings were likely due to the number of statistical tests; therefore, specific relationships are not reported.
The second approach involved examining the effect of the remaining methodological variables (type of intelligence measure, method for estimating overall ability, diagnostic scheme, publication date, average age of participants, and gender differences in the composition of the control and ADHD samples) on the effect sizes for FSIQ. Effect sizes for FSIQ did not differ as a function of the type of intelligence test used, F(2, 133) ϭ 1.71, p ϭ .19, diagnostic scheme used to classify participants, F(3, 132) ϭ 0.58, p ϭ .63, or publication date (r ϭ .11, p ϭ .19). However, effect sizes for FSIQ did differ as a function of the way in which FSIQ was estimated. Comparisons in which FSIQ was estimated using complete tests showed the largest unweighted mean effect sizes (d ϭ .73, SE ϭ .07) and were significantly different from comparisons in which FSIQ was estimated by using effect sizes from multiple subtests (d ϭ .38, SE ϭ .13; contrast p ϭ .01) and comparisons in which FSIQ was estimated using a single subtest (d ϭ .45, SE ϭ .09; contrast p ϭ .01). The latter two estimation procedures did not significantly differ from each other (contrast p ϭ .97), and estimation using short forms did not significantly differ from any of the other estimation techniques (d ϭ .56, SE ϭ .05; smallest p ϭ .22). Effect sizes for FSIQ were unrelated to the average age of participants (r ϭ Ϫ.01, p Ͼ .90) or to gender differences in the composition of the sample (r ϭ .01, p Ͼ .90).
Discussion
The hypothesis that ADHD and control participants would significantly differ in overall cognitive ability was supported. The weighted mean effect size (d ϭ .61) is roughly equivalent to a 9-point difference in FSIQ for most commercial IQ tests. This finding is consistent with research positing medium to large differences in overall ability (Barkley, DuPaul, & McMurray, 1990) and may indicate that the disorder is characterized by mild global cognitive inefficiencies or by multiple specific deficits affecting several cognitive abilities. It is also possible that a decrement of this magnitude on FSIQ is accounted for by test-taking differences between groups (Glutting, Youngstrom, Oakland, & Watkins, 1996) . FSIQ was not significantly different between ADHD subtypes, suggesting that measures of overall ability are similarly decreased in the two major ADHD subgroups. However, the small number of studies including inattentive groups significantly reduced the power of these comparisons. Future studies are needed to further specify subtype differences in general ability and specific neuropsychological processes.
As expected, effect sizes for all neuropsychological measures were significantly larger than zero. However, only a few of the effect sizes for executive functioning measures emerged as significantly larger than effect sizes for FSIQ. In particular, visual constructional and visual memory measures were smaller, as predicted, but verbal fluency and language measures did not significantly differ from FSIQ. Unexpectedly, several executive functioning measures were also found to have significantly smaller effect sizes than FSIQ, including WCST-Variables, SST-Probability of Inhibition, and MFFT-Time. Only academic achievement and CPT measures displayed substantially larger effects than FSIQ, with effect sizes for several measures of attention, working memory, and behavioral inhibition being either equivalent or significantly smaller than FSIQ. Overall, this pattern of findings may suggest that not all aspects of executive functioning are equally impaired in ADHD and that other nonexecutive deficits may be present.
Despite the lack of consistent executive deficits when comparing individual measures with FSIQ, the analysis directly comparing the mean effect sizes of affected versus spared neuropsychological measures provided support for the notion that measures of executive functions are generally more impaired than are measures of primarily nonexecutive functions. Specifically, this finding provided limited empirical support for the behavioral inhibition and attention and working memory components of Barkley's (1997a) unified model of ADHD, because the measures included in the affected category load heavily on these dimensions. Additional studies are needed to test the self-regulation of affect, internalization of speech, reconstitution, and motor control components of this model.
Although the present findings do not support the notion of a generalized executive deficit, the possibility that a more specific impairment of executive functions accounts for differences in overall ability should be acknowledged. This possibility is highlighted by the fact that measures of overall ability are heavily influenced by executive functions (Barkley, 1997a; Mariani & Barkley, 1997) . For example, several measures that are commonly included in estimates of overall ability assess working memory and processing speed. Executive functions may also influence estimates of overall ability through alterations in response style, approach to cognitive testing, affect regulation during the evaluation, and problems with response control required by most measures. Future studies are needed to sort out the contributions of these factors and executive functions to omnibus ability estimates as well as the influence of executive deficits on specific ability measures. As a result of the observed differences in overall ability between ADHD and control participants, several studies have attempted to control for existing differences in FSIQ when examining specific neuropsychological deficits ). The present findings indicate that this approach is methodologically tenuous, because decrements in overall ability are a feature of the disorder, making statistical "control" impossible (Campbell & Kenny, 1999) . Miller and Chapman (2001) recommended an alternative approach that involves determining the pattern of impaired cognitive functions in ADHD by using comparison samples with similar decrements in overall ability, such as individuals with seizure disorders, mild head trauma, or psychiatric difficulties.
The present review also revealed significant within-measure heterogeneity of effect sizes for most measures. However, the relationships between methodological factors and effect sizes were generally modest. For FSIQ, effect sizes were largest in situations in which ability was estimated from complete tests. This may be due to the heavy use of less sensitive, expressive, and receptive language measures (e.g., Vocabulary subtest and PPVT) in short form or single-test estimation procedures. Additionally, subtest short forms tend to have lower reliability than do FSIQ estimates that are based upon an entire battery, attenuating effect sizes for these comparisons (Spearman-Brown prophecy; see Glutting, Watkins, & Youngstrom, 2003) . The smaller effect sizes for FSIQ when estimated from single subtests may also be due to longer testing times in studies using a full intellectual assessment battery. In the latter case, decreasing performance over time, caused by deficient sustained attention, would be expected in ADHD participants regardless of the specific functions assessed.
Effect sizes for FSIQ were also larger in studies using clinical samples and interview-based diagnoses and in which multiple sources of information were included in diagnostic decisions. This is likely caused by the identification of more severely disabled ADHD participants through the application of stricter diagnostic criteria (i.e., conjunctive combination of information; Youngstrom, Findling, & Calabrese, 2003) . It is interesting that the diagnostic scheme used did not influence the magnitude of the effect, suggesting that the definitional changes across DSM-III, DSM-III-R, and DSM-IV have not had a substantial influence on the validity coefficients for FSIQ. Similarly, the age of participants did not influence effects for FSIQ. Although specific hypotheses were not made regarding age, this finding runs counter to behavioral descriptions of adult ADHD that imply improvements in hyperactivity and disinhibition. However, this may be due to the selection of adults who are still experiencing significant symptoms (Campbell & Kenny, 1999) . The present data suggest that, at least in individuals with enduring behavioral symptoms, cognitive deficits persist into adulthood.
Although several methodological factors influenced the effect sizes for FSIQ, few significant relationships were observed for specific intellectual and neuropsychological measures. This is likely due to the small number of comparisons available, limiting the power of these tests. However, the lack of significant relations may suggest that additional unanalyzed factors contributed to the observed heterogeneity. Specifically, other unidentified sample characteristics, idiosyncratic test versions, and differences in test administration may all have contributed to the wide range of within-measure effect sizes. Differences in the reliability of neuropsychological tests may also contribute to the unclear pattern of observed effect sizes, further blurring the nature of cognitive deficits in ADHD. Previous meta-analyses have determined the factors responsible for the observed heterogeneity of effect sizes in ADHD on the CPT and the SST (Losier, McGrath, & Klein, 1996; Oosterlaan, Logan, & Sergeant, 1998) . However, future metaanalytic reviews are needed delineating the factors responsible for heterogeneity across other measures, such as phonemic fluency measures, the Stroop Interference Task, and the WRAT subtests.
Another important finding of the present review was that academic measures of spelling and arithmetic skills were significantly more sensitive to ADHD than overall cognitive ability. One explanation for this observation is that few of the studies reviewed attempted to screen for learning disabilities in math or written expression. High comorbidity rates have been found between ADHD and learning disabilities (Barkley, 1998) , and comorbid individuals show the largest deficits in executive functioning (Seidman, Biederman, Monuteaux, Doyle, & Faraone, 2001 ). The latter finding suggests a link between executive functioning and performance on achievement measures. Consistent with this interpretation, measures of academic achievement may be sensitive to subtle deficits in neurocognitive abilities as well as the behavior problems observed in ADHD that inhibit learning (Slomka, 1998) . In this scenario, achievement measures may be useful not only for screening comorbid learning disabilities but also for characterizing behavioral and motivational deficits resulting from executive dysfunction. Future work should examine the structural relationships between particular types of executive dysfunction, behavioral symptoms of ADHD, and achievement. This work will determine the contribution of particular types of executive dysfunction, such as working memory or disinhibition, to observable behavior problems that hamper learning and achievement.
Overall, the present findings have important clinical implications for the evaluation of ADHD. Given the prevalence of the disorder, the negative psychosocial consequences associated with ADHD in adolescence and adulthood, the availability of effective treatments, and the possibility that some individuals may seek evaluation to obtain stimulant medication for illegal distribution, the importance of accurate clinical assessment has never been greater. The average 9-point deficit in overall cognitive ability observed in individuals with ADHD relative to control individuals complicates the interpretation of neuropsychological strengths and weaknesses. In particular, assessment approaches in which measures of specific functions are compared with overall ability may be insensitive, because overall ability is also decreased.
2 Instead, approaches comparing intact or less impaired functions to those thought to show greater impairment may provide more accurate detection. Although the present results suggest that there is not substantial differentiation of spared versus affected functions, aggregation across measures may enhance prediction. Future studies are needed that examine the utility of various methods of test battery interpretation in making an ADHD diagnosis.
The differential magnitude of effect sizes for intellectual and neuropsychological measures also has important implications for test selection. Specifically, full neuropsychological assessments may be excessive in circumstances in which only an accurate differential diagnosis is required. In these cases, a focused assessment using a few highly sensitive measures may be more practical and cost-effective than a full, detailed neuropsychological assessment. Similarly, it may be unnecessary to administer a large intellectual assessment battery to obtain an omnibus estimate of overall ability if specific neuropsychological tests are shown to possess greater discriminating power. In situations in which a full neuropsychological assessment is desired, clinicians should differentially weight measures when making diagnostic decisions. Furthermore, the large variability observed in mean effect sizes across neuropsychological measures highlights the need for a standardized approach to ADHD assessment. Most current assessment procedures have unknown predictive validity. For clinical practice to improve, studies are needed that directly assess the relative sensitivity and incremental validity of specific and global abilities. This work will substantially reduce evaluation time through the elimination of measures that are of limited importance to the referral question. It will also improve the diagnostic accuracy of neuropsychological assessments by providing a standard set of cognitive measures with known predictive ability.
